INTRODUCTION
Idiopathic intracranial hypertension (IIH), also known as pseudotumor cerebri and benign intracranial hypertension, is a rare disorder characterized by increased intracranial pressure (ICP) without an intracranial mass. The overall prevalence in North America is approximately 0.9e1.07/100 000 but rises to 15e19/100 000 among women aged 20e44 years who are overweight ($20% above their ideal bodyweight). 1 The most widely accepted criteria for diagnosis require: (1) symptoms and (2) signs referable only to elevated intracranial pressure; (3) cerebrospinal fluid (CSF) opening pressure >25 cm H 2 O measured in the lateral decubitus position; (4) normal CSF composition; and (5) no evidence for an underlying structural cause (using MRI or contrast-enhanced CT for typical patients and MRI and MR venography for all others). 2 The most common symptoms are headache, visual disturbance and tinnitus. Papilledema is present in at least 95%. Although headache may be severe, visual loss due to prolonged papilledema and secondary optic atrophy remains the most feared complication and may progress without recognition by the patients themselves. 3 4 Medical treatment generally consists of a combination of carbonic anhydrase inhibitors such as acetazolamide or topiramate (to decrease CSF production) and symptomatic treatment for headache. For medically refractory patients, two surgical strategies have most commonly been employedd CSF diversion with ventriculoperitoneal or lumboperitoneal shunts (VPS or LPS) and optic nerve sheath fenestration (ONSF). While progression of visual loss may be prevented by these surgical approaches, both have significant limitations. Both VPS and LPS have variable clinical response rates and significant shunt failure rates requiring subsequent surgical revision. 5 Moreover, LPS may lead to a number of adverse events including acquired Chiari syndromes, low pressure headaches and archnoiditis of the lumbosacral nerve roots. 6 Although ONSF often temporarily arrests visual loss associated with IIH, recurrence of visual symptoms is common and the procedure does not address headache, tinnitus or other symptoms associated with elevated intracranial pressure.
The underlying pathophysiology of IIH has yet to be fully defined, but a number of recent investigations have implicated stenosis of the dural venous sinuses as a potential contributor to the syndrome of IIH in a subset of patients. Transverse sinus stenosis was demonstrated by MRI in 90% of patients with IIH, 7 although the degree to which venous sinus stenosis on MRI corresponds to transstenosis pressure gradients is not known. Furthermore, elevation of pressures within the dural sinuses proximal to the stenosis is common and significant pressure gradients across the venous stenoses have been demonstrated by direct manometry in patients with IIH. 8 9 Although considerable controversy exists regarding whether dural venous stenosis is a cause of IIH or an effect of elevated intracranial pressure, the results of several case series suggest that stenting of the stenotic dural venous sinus may represent a therapeutic option for medically refractory IIH. 3 10 11 In this paper we present our single-center experience with dural venous sinus stenting for IIH.
METHODS
We retrospectively reviewed all cases of patients treated with dural stents for IIH with papilledema at our institution. The study protocol was approved by our institutional review board.
Patient selection and characteristics
Patients were considered eligible for stenting based on the following criteria: (1) medically refractory IIH; (2) papilledema confirmed by an ophthalmologist; and (3) dural venous sinus stenosis of the dominant venous outflow system with a gradient of $10 mm Hg. This cut-off pressure was selected because a gradient of 5e6 mm Hg from the superior sagittal sinus to the internal jugular bulb is present in normal controls. 9 Demographic features (age, gender, body mass index (BMI)), prior treatments (medical and surgical), CSF opening pressures, neuro-ophthalmologic evaluation, procedural details and clinical outcomes were obtained by retrospective chart review. Headache intensity and the presence of tinnitus at last follow-up were assessed by a combination of chart review and telephone interview. Headache was evaluated by structured interview and was categorized as: (1) resolved (no further headache); (2) improved (residual symptoms not requiring continued intervention); (3) no change (no change in symptoms compared with before stenting procedure); (4) worsened (worse than before stenting procedure); and (5) different (change of symptoms compared with prior to the stenting procedure not otherwise meeting the criteria for categories 1e4).
Procedure
Prior to intervention, diagnostic angiography and venous pressure measurements were performed under moderate sedation. A full evaluation of the dural sinuses was performed by study of both internal carotid arteries and the posterior circulation. A 6F shuttle sheath (Cook Medical, Bloomington, Indiana, USA) was then placed in the dominant internal jugular vein. A 0.027 inch Renegade microcatheter (Stryker, Kalamazoo, Michigan, USA) was placed coaxially within the 6F shuttle and navigated over a 0.014 inch guidewire into the torcula. The microcatheter was then pulled back from the torcula to the internal jugular vein and simultaneous pressure measurements were obtained from the 6F sheath and microcatheter tip. These pressures were recorded to obtain pressure gradients from the torcula, transverse sinus and sigmoid sinus with respect to the internal jugular vein. After identifying a venous sinus stenosis, dural sinus venography was performed through the 0.027 inch microcatheter to define the anatomy of the stenosis and the size of the native dural sinus.
Patients with a dural venous sinus stenosis of the dominant venous outflow system with a gradient of $10 mm Hg were referred for stent placement.
All patients were pretreated with aspirin 325 mg and clopidogrel 75 mg for 5 days or loaded with aspirin 325 mg and clopidogrel 600 mg at least 4 h prior to the procedure. Intravenous heparin was given during the stent procedure to raise the activated clotting time to >250 s. Dual antiplatelet therapy was continued for 6 months and aspirin indefinitely thereafter.
All dural sinus stent procedures were performed with the patients under general anesthesia.
First, venous access was achieved in the jugular vein ipsilateral to the intended treatment site via the transfemoral approach. The choice of venous access sheath systems evolved as we gained experience with the procedure in order to provide adequate support for stent placement. The final venous access sheath system was a triaxial construct consisting of 12F, 9F and 7F 80e90 cm length sheaths. This system provided sufficient support for the delivery of the stent to the stenotic region of the transverse sinus.
After placement of the venous sheaths, diagnostic angiography was performed from the ipsilateral internal carotid artery and the venous phase of this study was used as a road map for traversal and stenting of the dural sinuses. Introduced through the venous sheaths, an 0.027 inch Renegade microcatheter was again navigated across the area of stenosis and placed with the distal tip at the level of the torcula. Dual venous pressure measurements were then repeated to confirm the presence of a persistent trans-stenosis gradient. Through this microcatheter, a stiff 0.018 inch guidewire (Platinum Plus; Stryker) exchange length guidewire was placed with the distal tip into the superior sagittal sinus or contralateral transverse sinus. Over this guidewire, a Sterling 6 mm340 mm over-the-wire balloon angioplasty catheter (Stryker) was positioned across the stenosis and then inflated fully at 8e10 atmospheres for 10 s for two inflations. Following balloon angioplasty, in most cases a Zilver 518 10 mm diameter self-expanding stent (Cook Medical) was positioned across the residual area of narrowing and deployed. The selfexpanding stents ranged from 40 to 80 mm in length and were chosen to completely cover the stenosis with at least 10 mm of coverage of the adjacent non-stenotic portion of the vein on each side. A single stent was used to treat the stenotic portion of the vessel in all but one case (for which two stents were used due to inadequate coverage of the stenosis). After initial experience suggested that bilateral stenting was not necessary, unilateral stenting procedures were performed.
Following stent placement, the 0.027 inch lumen microcatheter was then advanced through the stent to the level of the torcula and simultaneous pressure measurements were obtained to verify efficacy of the stenting procedure and elimination of the trans-stenosis pressure gradient. The arteriotomy was then closed with a StarClose device (Abbott, Chicago, Illinois, USA) and the venotomy was closed with manual pressure.
Angiographic follow-up and outcome assessment
Papilledema and visual assessment by an ophthalmologist was undertaken in all patients before stent placement with initial follow-up examination generally 6 weeks after intervention. Evaluations included visual acuity testing, color vision, automated perimetry (Humphrey or Octopus) and funduscopic evaluation. Angiography to evaluate stent patency and restenosis was performed at 6 months after intervention in most patients, although non-invasive imaging was used in some cases. Clinical assessment took place at the time of follow-up angiography as well on an ad hoc basis if additional concerns arose.
RESULTS
A total of 15 patients (all women) of mean age 34 years (range 20e56) and mean BMI 39 kg/m 2 pre-procedure and 39 kg/m 2 post-procedure (range 30e73 kg/m 2 pre-procedure and 30e49 kg/m 2 post-procedure) were treated (table 1) . Only one patient had a reduction in BMI of >5% during the follow-up period (from 73 kg/m 2 to 47 kg/m 2 ). Papilledema (diagnosed by an ophthalmologist) and intractable headache were present in all patients prior to the intervention. Pulsatile tinnitus was present in 14 of the 15 patients (93%).
All had failed medical treatment with acetazolamide; in addition, topiramate and amitriptyline for the treatment of headache were each administered to three patients (20%) and furosemide to two (13%). Surgical interventions prior to *In all cases, shuttles placed in the jugular bulb ipsilateral to the stenotic sinus for access. The numbers indicate the size of the shuttle. Two such numbers indicate a co-axial system and three a tri-axial system. Angio, catheter angiography; CO, co-dominant; F, French; L, left; MRV, magnetic resonance venography; R, right.
stenting had been performed in six of the patients (40%): CSF diversion (VPS, LPS or both) in four patients (27%) and ONSF in six (40%). Technical success was achieved in all patients with no major complications. One minor complication (7%), a femoral pseudoaneurysm, was successfully treated with ultrasound-guided compression. The procedural details are shown in table 2 and an illustrative case is depicted in figure 1 . The gradient across the stenotic dural sinus was reduced from a mean of 24 mm Hg (range 13e40) to 4 mm Hg (range 1e7). A 6 mm340 mm balloon was used for pre-stent angioplasty in all patients. In most cases, a 10 mm360 mm self-expanding stent was placed. Stenting was unilateral in 13 of the 15 patients (87%) and bilateral in two (13%).
Clinical follow-up was available in all patients at a mean of 14 months (median 9 months) after stenting. Angiographic follow-up was performed in all patients (catheter angiography in 13 and MRV in 2) at a mean of 9 months (median 6 months) after stenting; the remaining patient has yet to undergo her 6-month angiogram. Stents were patent without evidence of restenosis. All patients were preloaded with aspirin and clopidogrel and these medications were continued as directed (clopidogrel for 6 months and aspirin indefinitely) in 14 patients; one patient discontinued both antiplatelet agents at 4 months without any untoward clinical effect.
Papilledema resolved in all 15 patients (see figure 2 for representative funduscopic images). Headache resolved or improved in 67% and tinnitus was eliminated in 79% of patients reporting tinnitus prior to the intervention. Visual acuity was assessed formally by an ophthalmologist in 14 of the 15 patients. Of the 14 patients with formal visual acuity testing, 13 (93%) stabilized or improved and one (7%) worsened. The patient who worsened progressed from 20/200 vision in the left eye to ability to detect hand motion only; because papilledema had resolved, the presumed mechanism was progression of optic atrophy due to injury sustained prior to stenting. Due to persistent refractory headache, two patients (13%) underwent VPS following the stenting procedure.
DISCUSSION
For medically refractory patients with IIH, particularly those with visual loss and intractable headache, surgical options may be considered but, unfortunately, the available surgical interventions for IIH (ie, VPS, LPS and ONSF) have significant limitations. Response rates to CSF diversion vary considerably depending on the series. Stabilization or improvement in vision has been reported to occur in as few as 62% of patients undergoing VPS or LPS and headaches to improve or resolve in as few as 45%, with frequent recurrences over time. Shunt revisions are necessary in 38e63% of patients. Furthermore, although rare, serious complications (including a 0.5% risk of in-hospital death) have been reported. 12 Similarly, ONSF is associated with substantial treatment failure rates (worsening in vision after a period of stabilization in 34% of patients at 1 year and 45% at 3 years) and failure to improve headache in one-third to one-half. 12 Given the problems inherent in the traditional surgical treatments for IIH, our results suggest that venous sinus stenting may be a reasonable alternative treatment in the subset of patients with venous sinus stenosis associated with a significant pressure gradient and, indeed, may treat the underlying etiology of the disease. Of the 15 patients treated, six had previously failed treatment with LPS, VPS or ONSF, including two patients who had undergone all three treatments. Visual acuity stabilized or improved in 93% of patients and papilledema resolved in all patients treated. Headaches improved or resolved in 67%. On follow-up imaging, all stents remained patent with no instances of in-stent thrombosis or restenosis.
Our results are consistent with those reported in previous case series. A systematic review of all published case series was recently performed, encompassing a total of 40 patients (37 undergoing unilateral stents and three bilateral). Among the 40 patients described in these studies, headache resolved or improved in 33 (83%), papilledema resolved or improved in 30 (75%) and optic atrophy occurred in eight (20%). 11 Since the publication of this review, two relatively large single-center case series have been reported. In one series of 18 patients (with clinical follow-up in 15), 80% of patients had improvement or resolution of headache after stenting. 13 The results of ophthalmologic examination were not reported in this study. Most recently, in a series of 52 patients, papilledema was eliminated in all patients and headache in 44. Among the eight patients without resolution of headache, six were found to have restenosis adjacent to the stent, resulting in an overall rate of restenosis of 12%.
14 Several technical considerations contribute to successful stenting and to symptom resolution. Venous sinuses require relatively large stents; we used 10 mm self-expanding stents in most cases and did not observe any instances of in-stent stenosis or restenosis of the adjacent dural sinus. The use of stents 10 mm in diameter may account for the absence of restenosis or stenosis of the adjacent dura observed in our study compared with the 12% rate of restenosis seen in the aforementioned case series. Due to the tortuosity inherent in the sigmoid sinus/ transverse sinus system and the stiffness of the stent, a robust support system is required for adequate access. After evaluating several different configurations, we found a triaxial 12F/9F/7F shuttle system placed within the internal jugular vein provided adequate support to ensure stent delivery. Moderate oversizing of the stent diameter with respect to the dural sinus assures adequate apposition of the stent to the venous wall, theoretically decreasing clot formation and increasing patency. In addition, short-term restenosis may result from inadequate coverage or progression of the lesion and therefore relatively long stents were employed. 15 The pathophysiologic relationship between IIH and venous sinus stenosis remains controversial. Undoubtedly, dural venous sinus stenosis is much more common in patients with IIH than controls. 7 16 Nonetheless, it remains unclear whether elevations in intracranial pressure are responsible for transverse sinus stenosis or transverse sinus stenosis causes elevations in intracranial pressure. 16 Regardless, the high response rates to transverse sinus stenting seen in our patients as well as those from previous investigations strongly suggests that preserving the patency of the stenotic transverse sinus frequently ameliorates the pathophysiologic mechanism that ultimately leads to IIH, either by addressing the underlying venous stenosis or by preventing venous sinus collapse in the face of elevated intracranial pressure.
This study has a number of limitations. Invasive procedures are frequently associated with a high placebo response rate and the clinical course of IIH inherently fluctuates. Therefore, in the absence of a control group, the overall improvement in subjective symptoms such as headache and tinnitus could result from a placebo effect or the natural history of the disease rather than from the stenting procedure per se. On the other hand, papilledema was evaluated by ophthalmologists and was found to have resolved in all patientsdan objective finding unlikely to result from either placebo or natural history.
CONCLUSIONS
We retrospectively reviewed the results of venous sinus stenting for IIH in 15 consecutive patients treated at a single institution. Patients were selected if they had IIH with papilledema and a venous sinus stenosis with a gradient $10 mm Hg across the stenosis. Technical success and resolution of papilledema was achieved in all patients without any significant procedural complications. Headache improved or completely resolved in 67%. These results provide additional support for venous stenting as a surgical alternative in a properly selected subset of patients with IIH. Moreover, the high rate of clinical improvement following stenting provides additional evidence for the 
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< Traditional surgical treatments for medically refractory idiopathic intracranial hypertension (IIH)dventriculoperitoneal shunting (VPS), lumboperitoneal shunting (LPS) and optic nerve sheath fenestration (ONSF)dare associated with significant rates of complications and lack of clinical response. Stenting of the transverse sinus in patients with IIH and transverse sinus stenosis of the dominant cerebral venous sinus has been proposed as a potential alternative therapy. < We retrospectively reviewed the procedural details and outcomes of stenting for the treatment of medically refractory IIH at our institution. < Thirteen patients were treated with transverse sinus stenting with a technical success rate of 100%, improvement or resolution of headache in 69%, resolution or improvement of papilledema in all patients and stabilization or improvement of visual acuity in 92%. < These results suggest that venous sinus stenting in appropriately selected patients with medically refractory IIH may be a reasonable alternative to VPS, LPS and ONSF.
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